Eight healthy right-handed young men were subjected to local CBF measurement by [150]water and positron emission tomography during partial sensory dep rivation and during sensory-cognitive activation; physio logical, hormonal, and subjective stress measurements were also performed. Results indicated that (a) "whole brain" CBF increased during activation; (b) the greatest increase in CBF was in the primary visual cortex; (c)
The advent of positron emission tomography has intensified interest in the regional functioning of the awake human brain. Definition of a standard resting state is problematic because the subject is exposed to varying sensory-cognitive input during the scan.
While it is common practice to attempt to minimize this potential source of variability by keeping the scanning environment dark and quiet, there have been few attempts to determine what scan condition actually produces minimum variability.
Prior studies have evaluated some of the effects of varying ambient sensory-cognitive input on cere bral functioning in humans. These studies include determinations of effects on local cerebral glucose metabolism by the eSP]fluorodeoxyglucose method (Mazziotta et aI., 1981 (Mazziotta et aI., , 1982 Buchsbaum et aI., 1983; Reivich et aI., 1983 Reivich et aI., , 1984 Mazziotta and Phelps, 1984; Metter et aI., 1984; Baxter et aI., 1987; Brooks et aI., 1987; Chang et aI., 1987; Duara et aI., 1987; Ginsberg et aI., 1987 ; Bartlett et aI., differences between hemispheres were not observed, but CBF was greater anteriorly than posteriorly in the depri vation condition only; (d) within-subject variability of CBF was not influenced by the sensory-cognitive condi tion; and (e) the procedure was not stressful. Key Words: Cerebral blood flow-N ormal humans-Positron emis sion tomography-Sensory-cognitive activation-Stress.
1988) and on local CBP by either the 133Xe inhala tion method (Olesen, 1971; Harper et aI., 1975; Larsen et aI., 1976; Roland and Larsen, 1976; Ing var, 1979; Poit et aI., 1980; Knopman et aI., 1980; Roland and Skinhoj, 1981; Shirahata et aI., 1985; Mathew et aI., 1986; Rootwelt et aI., 1986; Schroeder et aI., 1986) or the e50]water method (Gur et aI., 1982; Pox and Raichle, 1984; Mazziota et aI., 1985; Perlmutter et aI., 1987) . While test retest reliabilities of the scanning procedures under invariant conditions have been evaluated, several questions relating to these issues remain. These questions include (a) the magnitudes of the increase in CBP in response to activation and the decrease after return to the partial deprivation condition; (b) within-and across-subject variabilities in CBP un der test-retest conditions in both the partial depri vation and the stimulated states; (c) potential re gional differences in CBP, in both the deprived and the stimulated states, including anterior-posterior and right-left differences; and (d) the "stressful ness" of the scanning procedure.
The purpose of the present research was to study further some of these unresolved issues, including the question of whether partial sensory deprivation or visual and auditory sensory-cognitive stimulation provided a standard state with less within-subject variability across scans. The e50]water CBF meth odology and a within-subject, within-session test retest paradigm with normal subjects were used.
METHODS
Eight young men who were medically and neurologi cally healthy, as determined by medical history and phys ical examination, participated. Mean age was 23.6 ± 3.4 years; all were right-handed. All subjects gave written informed consent. Each subject had five scans performed in one experimental session of -4-h duration.
At the time of arrival, each subject was positioned su pine in the scanner, and indwelling catheters were placed in the radial artery of one arm and an antecubital vein of the other arm. After catheter placement, subjects rested in that position for -20 min before proceeding so that any subjective or physiological responses to the discomfort of catheter placement would attenuate. The arterial line was used to obtain blood specimens for determinations of blood gases and the radioactivity input function; five of the subjects also had determinations of plasma epineph rine and norepinephrine. The venous line was used to administer the [150]water. Plasma catecholamine levels were measured by HPL C (Ziegler and Lake, 1984); arte rial blood gas content was measured with the Radiometer Copenhagen ABL2 Acid-Base Laboratory.
All scans were performed on a TCC PC -4600 tomo graph, manufactured by the Cyclotron Corp. It has an in-plane resolution of 10.5-11.0 mm full width at half maximum and an axial resolution of -10 mm full width at half-maximum. Acquisition of data involved a dynamic sequence of scans from 40 s to 6 min after intravenous injection of 30 mC i of [150]water (Koeppe et aI., 1987) . CBF and partition coefficients were estimated by a weighted integral technique (Alpert et aI., 1984) . Three circular rows of detectors plus two cross-slices produced five transverse scan slices from -4.0 to 8.5 cm above the canthomeatal line; head alignment in the scanner for each subject was based on a z-axis normalization for actual head size.
Five of the eight subjects had scans performed in an AABAB sequence with a minimum of 14 min between each scan. The A scans were performed under conditions of partial sensory deprivation (eyes covered and listening through earphones to low-level recorded room noise), while the B scans involved sensory-cognitive activation (watching and listening to segments of a video adventure film on a television screen -2 ft from the eyes).
Blood pressure and pulse measurements and analog symptom ratings as well as plasma catecholamine deter minations were performed for these five subjects. Symp toms, rated on a 0-10 scale (0 = "none," 10 = "most ever"), included "mental anxiety," "physical anxiety," "restlessness," "irritability, " "fatigue, " "sleepiness, " "decreased concentration," "bored, " and "relaxed." Plasma catecholamines were determined at the beginning and the end of each session. Blood pressure, pulse, and symptoms were measured before each scan and after the last scan. These symptoms and physiological measures were used to estimate the level of stress experienced by the subjects during the scanning procedure (Selye, 1956; Van Toller, 1979; Usdin et aI., 1980; Lake and Ziegler, 1985) .
The other three subjects also had five scans each, per formed in the sequence ABBBA, with the A and B con ditions being the same as above. For these three subjects, the A scans were separated by a minimum of 14 min from the B scans, while the three B scans were performed exactly 14 min apart with the subjects viewing the same 7-min segment of video film, run continuously and re peated five times over 35 min. The scans were performed during the first, third, and fifth viewings of the film seg ment. For these subjects, no physiological, catechol amine, or symptom measurements were made. The pro cedure is outlined in Table 1 .
Computer-generated regions of interest (ROls) were used to study cortical CBF. For each of the five tomo graphic slices, ROls were generated by dividing a cortical strip of 25-mm depth into 16 wedge-shaped sectors of equal central angle by means of a previously described computer-generated algorithm (Junck et al., 1988) . This cortical strip was also divided into quadrants and CBF was averaged across all slices, thus enabling determina tion of anterior versus posterior and right versus left hemispheric CBF. Additionally, "whole-brain" CBF was defined as the average blood flow across the five slices obtained by applying the same computer algorithm using a 65-mm depth. Left and right primary visual cortices were defined as the most posterior left and right sectors of the 25-mm cortical strip in the slice -5.1 cm above the canthomeatal line; left and right secondary visual cortices were defined as the sectors immediately lateral to each primary visual cortex. Left and right auditory cortices were defined as the left and right sector immediately pos terior to the anterior-posterior midline in the slice -6.2 Time moves from left to right. A, scans in the partial sensory deprivation condition; B, scans in the activation condition; BP,P,G,S, blood pressure, pulse, and arterial blood gas determinations and symptom ratings; E and NE, arterial plasma epinephrine and norepinephrine determinations, respec tively. For the first five subjects, and for the A-B and B-A intervals for the last three subjects, a minimum interval of 14 min was used between scans; for the inter-B intervals for the last three subjects, the interval was exactly 14 min. For the last three subjects, physiological, catecholamine, and symptom ratings were not done. cm above the canthomeatal line. Region definition for auditory and visual cortices was based on reference to an anatomic atlas of human brain (Roberts et al., 1987) .
For all subjects, comparisons of ROIs were done both with and without normalization of regional CBF to whole brain CBF; because results did not differ, only non nor malized data are reported. Statistical tests included t tests and single-factor and repeated-measures analyses of vari ance, with post hoc Scheffe's test when appropriate; sig nificance was defined as p < 0.05 for two-tailed tests.
RESULTS
No significant changes were observed in the first five subjects for plasma catecholamines, pulse, blood pressure, or symptoms, and the mean values observed for catecholamines and physiological vari ables were within expected basal nonstressed ranges: mean plasma epinephrine, 44 pg/ml at the beginning of the session and 40 pg/ml at the end; mean plasma norepinephrine, 209 pg/ml at the be ginning and 207 pglml at the end; range of systolic blood pressure across the six determinations, 110-116 mm Hg; range of diastolic blood pressure, 69-76 mm Hg; range of pulse, 59-66 beats/min (Ziegler and Lake, 1984; Cameron et aI., 1987) . For all eight subjects, arterial blood gas levels (mean ± SD) for all A scans and for all B scans, respectively, were 7.39 ± 0.02 vs. 7.40 ± om for pH, 40.5 ± 4.2 vs. 39.2 ± 3.3 mm Hg for Peo2, and 94.7 ± 6.6 vs. 100.4 ± 11.6 mm Hg for Po2; none of these differences were statistically significant. All mean symptom scores were below 2.0 other than "bored" (mean = 2.6) and "relaxed" (mean = 6.9). Thus, there is no evidence that this study procedure was stressful for these five subjects. Although these variables were not studied in the last three subjects, there is no reason to expect that the level of stress in those subjects was any greater than that in the first five.
Mean whole-brain CBF values for the first five subjects were similar for each of the three A scans ( Table 2 ). The mean values were consistent upon two consecutive repetitions of the A condition, and a baseline CBF level was again observed in the par tial deprivation condition after an intervening B condition scan was performed (i.e., the baseline was recapturable after the interposition of an acti vating event). Additionally, the CBF levels for the two B condition scans, as expected, were higher than the levels for the A condition scans (across all five scans, F = 3.46, df = 4,16, p < 0.04).
In the primary visual cortex, there was a 20% Thus, within-subject COVs were smaller than across-subject COVs.
The last three subjects had two rather than three A condition and three rather than two B condition scans. There was no significant change in whole brain CBF from the first to the third B condition scan (i.e., the first, third, and fifth presentations of the film) ( Table 2) . As in the first five subjects, (a) whole-brain CBF during the B scans was higher 
DISCUSSION
As expected, increases in sensory-cognitive input produced increases in CBF; this was most pro nounced in the primary visual cortex where the in crease exceeded 20%. A similar increase was ob served, though to a lesser extent, in the areas of the secondary visual cortices and the auditory cortices.
The percentage increase in CBF for whole brain was 9.5%, which is comparable with the increases reported in previous studies of CBF following sen sory stimulation (Risberg et al., 1975; Larsen et al., 1978; Gur et al., 1982) . Percentage increase in the visual area was lower than that observed following visual stimulation in one prior study (Mazziota et al., 1985) but similar to that observed in another (Fox and Raichle, 1984) . Reinstitution of the partial sensory deprivation condition produced a return to the baseline CBF. There was no evidence that stress effects played any role in the observed re sults.
There were no differences in CBF between cere bral hemispheres in either sensory-cognitive condi-tion. However, there was greater CBF anteriorly than posteriorly in the partial deprivation condition, reminiscent of the "hyperfrontality" that has been reported in prior studies of CBF (e.g., Ingvar, 1979) and cerebral blood glucose metabolism (e.g., Buchsbaum et al., 1983) . In the present study, this hyperfrontality disappeared in response to sensory cognitive activation, owing to the greater increases in CBF posteriorly.
The across-subject COY (0.l3) was almost twice as large as the within-subject value (0.07); however, there was no appreciable difference between COYs for the partial sensory deprivation scans (0.15) ver sus the sensory activation scans (0.l3). Thus, the results of this study do not suggest that within subject variability across scans in which subjects are receiving a standard sensory-cognitive input is different from that with the commonly used eyes 
